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IRFXVHGRQQDWXUDOURFNMRLQWVZLWK LUUHJXODUDVSHULWLHV7KHLUPRGHOHQDEOHV WRFDOFXODWHVKHDUVWUHQJWKW RI URFN
MRLQWVDVIROORZV
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ZKHUH -5& DQG -&6 DUH joint roughness coefficient DQG MRLQW FRPSUHVVLYH VWUHQJWK UHVSHFWLYHO\ 7KH UHVLGXDO
IULFWLRQDQJOH rI LV HTXDO WR WKHEDVLF IULFWLRQDQJOHIb IRUXQZHDWKHUHG URFN MRLQWV DQG nV LVQRUPDO VWUHVV7KH
PRVWSUREOHPDWLFWHUPLQHTXDWLRQLVWKHMRLQWURXJKQHVVFRHIILFLHQW-5&RULJLQDOO\SURSRVHGE\%DUWRQ
7RVSHFLI\YDOXHVRIWKHVHFRHIILFLHQWVZLWKGLIIHUHQWURFNMRLQWV%DUWRQDQG&KRXEH\SXEOLVKHGVWDQGDUG
MRLQWURXJKQHVVSURILOHVLQJUDSKLFDOIRUPV7KHVHWZRGLPHQVLRQDOSURILOHVFRUUHVSRQGWR-5&YDOXHVUDQJLQJIURP
]HURWRWZHQW\ZLWKDQLQFUHPHQWRIWZRLH±±±«±7KHDXWKRUVVXJJHVWHGWZRSRVVLEOH
ZD\VIRUGHWHUPLQLQJDFWXDO-5&YDOXHVRILQYHVWLJDWHGVDPSOHV)LUVWDYLVXDOFRPSDULVRQRIDFWXDOSURILOHVZLWK
WKHWHQVWDQGDUGVZDVUHFRPPHQGHGDQGDVDVHFRQGDOWHUQDWLYHWKH\VXJJHVWHGDEDFNFDOFXODWLRQIURPWLOWDQGSXOO
WHVWV
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)LJ7KHQHWZRUNRIURFNMRLQWVWKDWZDVXQFRYHUHGGXULQJH[FDYDWLRQZRUNDWOLPHTXDUU\
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+RZHYHU WKHYLVXDOFRPSDULVRQ LVDSUHIHUUHGZD\ IRUGHWHUPLQLQJ-5&YDOXHV LQJHRWHFKQLFDOSUDFWLFH$TXLFN
DQGHDV\HVWLPDWHLVSUREDEO\RQHRIWKHPDLQUHDVRQVIRUWKLVSUHIHUHQFH
7KH WZRGLPHQVLRQDO 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ZRXOGEHPRUH FRQYHQLHQW WRXVH WKUHHGLPHQVLRQDO 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'SURILOHV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LQGLFDWRUVRIVXUIDFHVLPLODULW\7KHQH[WVHFWLRQEULQJVSRVVLEOHVROXWLRQV
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YDOXHRI R WKHEHWWHUDJUHHPHQWEHWZHHQWKHVXUIDFHV7ZRVXUIDFHVWKDWKDYHWKHFRUUHODWLRQFRHIILFLHQWHTXDOWR
RUDUHLGHQWLFDO$OWKRXJKWKHFRUUHODWLRQFRHIILFLHQWRPDSVKHLJKWDQGVKDSHGLIIHUHQFHVRIWZRVXUIDFHVLWV
IXQFWLRQLQJ GRHV QRW IROORZ WKDW RI WKH IRUPHU WZR DQG DV VXFK LW LV D JRRG FRPSOHPHQW WR WKH FROOHFWLRQ RI
LQGLFDWRUV
,Q WKH QH[W VHFWLRQZHZLOO XVH WKH WKUHH LQGLFDWRUVS, H DQGR WRSHUIRUPFRPSDULVRQEHWZHHQ WKH LQYHVWLJDWHG
VXUIDFHDQGGDWDEDVHVXUIDFHV7KHFRXSOHRIWKHPRVWVLPLODUVXUIDFHVZLOOFRQWDLQWKHGDWDEDVHVXUIDFHZKRVH-5&
YDOXHZLOOEHWKHEHVWDSSUR[LPDWLRQIRUWKH-5&YDOXHRIWKHLQYHVWLJDWHGVXUIDFH

5HVXOWVDQGGLVFXVVLRQV
7RWHVWWKHFRPSXWHUPHWKRGEDVHGRQWKHWKUHHVLPLODULW\LQGLFDWRUV S H DQG R ZHKDYHFKRVHQILYHVDPSOHVRI
OLPHVWRQH7KHLUVXUIDFHVVKRZHGGLIIHUHQWVWDJHVRILUUHJXODULWLHV7KUHHRIWKHVDPSOHVVHUYHGDVGDWDEDVHVXUIDFHV
DQGWKHUHPDLQLQJWZRZHUHXQGHULQYHVWLJDWLRQLHWKH\ZHUHFRPSDUHGZLWKWKHGDWDEDVHVXUIDFHV7KHGDWDEDVH
VXUIDFHVZHUH QXPEHUHG DV   DQG  )LJ ZKHUHDV WKH LQYHVWLJDWHG VXUIDFHV DV$ DQG% )LJ  %RWK WKH
GDWDEDVH DQG LQYHVWLJDWHG VDPSOHVZHUH RUGHUHG DFFRUGLQJ WR WKHLU VXUIDFH LUUHJXODULWLHV IURP WKH URXJKHU WR WKH
VPRRWKHU VXUIDFHV  7KH -5& YDOXHV RI WKH GDWDEDVH VXUIDFHV ZHUH GHWHUPLQHG YLVXDOO\ DFFRUGLQJ WR WKH %DUWRQ
VWDQGDUGSURILOHV7RDVVXUHDQHFHVVDU\SRUWLRQRIREMHFWLYLW\ZHDVNHGSHUVRQVWRGHWHUPLQHWKHGDWDEDVH-5&
YDOXHVDQGWKHQDYHUDJH-5&YDOXHVDQGWKHLUVWDWLVWLFDOHUURUVZHUHFDOFXODWHGIRUDOOGDWDEDVHVXUIDFHV

  r JRC   r JRC   r JRC  
6LPLODUVWDWLVWLFDOHYDOXDWLRQZDVFDUULHGRXWIRUWKHLQYHVWLJDWHGVXUIDFHV$DQG%

 r AJRC   r BJRC 
7KHFORVHG-5&YDOXHVEHWZHHQLQYHVWLJDWHGVXUIDFHVDQGWKRVHLQFOXGHGLQWKHGDWDEDVHGHWHUPLQHWKHPRVWVLPLODU
VXUIDFHV$VFDQEHVHHQIURP(TVDQGWKHYLVXDOVWDWLVWLFDOHYDOXDWLRQKDVVXJJHVWHGWZRFRXSOHVRIWKH
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PRVWVLPLODUVXUIDFHVQDPHO\WKHFRXSOHV
$DQG% 

)LJ'DWDEDVHVXUIDFHVRIOLPHVWRQHVDPSOHVDQGWKDWVHUYHIRUVLPLODULW\FRPSDULVRQVZLWKLQYHVWLJDWHGVXUIDFHV
7KHGDWDEDVH-5&YDOXHVDUHDVVLJQHGWRWKHLQYHVWLJDWHGVXUIDFHVRQWKHVLPLODULW\EDVLV


)LJ,QYHVWLJDWHGVXUIDFHVRIOLPHVWRQHVDPSOHVWHUPHGDV$DQG%7KH\VHUYHIRUVLPLODULW\WHVWV


7KHVDPHFRPSDUDWLYHWHVWKDVEHHQSHUIRUPHGXVLQJWKHWKUHHLQGLFDWRUVRIVLPLODULW\S, H,DQGR7KHUHVXOWVRIWKH
FRPSDULVRQEHWZHHQWKHVXUIDFH$DQGWKHGDWDEDVHVXUIDFHVDQGKDYHEHHQJUDSKLFDOO\SORWWHGDQGDUHVKRZQ
LQ)LJ7KHWRWDOminimaRIWKHSLQGLFHVDQGHLQGLFHVXQPLVWDNDEO\SRLQWWRZDUGWKHGDWDEDVHVXUIDFHQR7KH
WRWDOmaximumRIWKHFRUUHODWLRQLQGLFHV R DOVRSRLQWVWRZDUGWKHGDWDEDVHVXUIDFHQR,QWKLVZD\WKHFRPSXWHU
SURFHGXUHKDVGHWHUPLQHGWKHFRXSOH$DVDSDLURIWKHPRVWVLPLODUVXUIDFHVDQGWKLVLVLQIXOODJUHHPHQWZLWKWKH
YLVXDOHYDOXDWLRQ


)LJ5HVXOWVRIFRPSXWHUVLPLODULW\WHVWVEHWZHHQLQYHVWLJDWHGVXUIDFH$DQGGDWDEDVHVXUIDFHVDQG7KHFRXSOH$KDVEHHQHYDOXDWHG
DVDSDLURIWKHPRVWVLPLODUVXUIDFHV

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


)LJ5HVXOWVRIFRPSXWHUVLPLODULW\WHVWVEHWZHHQLQYHVWLJDWHGVXUIDFH%DQGGDWDEDVHVXUIDFHVDQG7KHFRXSOH%KDVEHHQHYDOXDWHGDV
DSDLURIWKHPRVWVLPLODUVXUIDFHV


7KHFRPSXWHUFRPSDULVRQRIWKHVXUIDFH%ZLWKWKHGDWDEDVHVXUIDFHVDQGLVSUHVHQWHGJUDSKLFDOO\LQ)LJ
7KHWRWDOPLQLPDRIWKHS -LQGLFHVDQGWKHH LQGLFHVSRLQWWRZDUGWKHGDWDEDVHVXUIDFHQR7KHVDPHUHVXOWFDQEH
REVHUYHGZLWKWKHJUDSKRIWKHFRUUHODWLRQLQGLFHV R 7KHFRPSXWHUSURFHGXUHLVGHWHUPLQLQJWKHFRXSOH%DVWKH
PRVWVLPLODUVXUIDFHVDQGWKLVLVDJDLQLQIXOODJUHHPHQWZLWKWKHYLVXDOHYDOXDWLRQ
7KHVH WHVWV KDYH LQGLFDWHG WKDW WKH LQWURGXFHG FRPSXWHUPHWKRG IRU UHFRJQLWLRQ RI VXUIDFH VLPLODULW\ SRVVHVVHV D
VXIILFLHQWSRWHQWLDOIRUILQGLQJVLPLODUVXUIDFHV%HFDXVHRI WKLVVLPLODULW\FRPSDULVRQWKH LQYHVWLJDWHGVXUIDFHV$
DQG%PD\WKHQDGRSW WKHGDWDEDVHYDOXHVJRC1DQGJRC2 UHVSHFWLYHO\7KHVHYDOXHVDUHQRWH[DFWO\ WKHVDPHDV
JRCADQGJRCBYDOXHVHVWLPDWHGYLVXDOO\7KLVLVEHFDXVHWKHVRIWZDUHGRHVQRWGHWHUPLQH-5&YDOXHVGLUHFWO\EXW
RQO\RQWKHVLPLODULW\EDVLV,IRXUGDWDEDVHFRQWDLQHGPRUHVWDQGDUGVXUIDFHVWZRRIZKLFKZRXOGEHWWHUFRLQFLGH
ZLWKWKHLQYHVWLJDWHGWZRVXUIDFHV$DQG%WKHQWKHVRIWZDUHZRXOGSRLQWWRZDUGVWKHWZRGDWDEDVHVXUIDFHVZKRVH
-5& YDOXHV ZRXOG EHWWHU FRLQFLGH ZLWK YLVXDO HVWLPDWLRQ ,W LV VHHQ WKDW LW LV WKH TXDOLW\ RI WKH GDWDEDVH WKDW LV
GHFLVLYH IRU ULJKW GHWHUPLQDWLRQ RI -5& YDOXHV $Q\ZD\ LQ RXU FDVH WKH VRIWZDUH KDV FRUUHFWO\ LQGLFDWHG WZR
GDWDEDVHVXUIDFHVDQGWKDWDUHWKHPRVWVLPLODUWRWKHLQYHVWLJDWHGVXUIDFHV$DQG%
,Q WKHFDVH VWXGLHG WKHDJUHHPHQWEHWZHHQDOO WKH LQGLFDWRUV S H DQG R KDVEHHQVXUSULVLQJO\JRRG+RZHYHU
ZKHQ WKH GDWDEDVH RI VWDQGDUG VXUIDFHV LV KLJKO\ SRSXODWHG VOLJKW GLIIHUHQFHV EHWZHHQ LQGLFDWRUV PD\ DSSHDU
OLNHZLVH WKHGLIIHUHQFHV LQYLVXDO VWDWLVWLFDO HYDOXDWLRQV VHH WKH VWDWLVWLFDOXQFHUWDLQWLHV LQ(TV  DQG  ,Q
VXFKFDVHVDYHUDJHYDOXHVRI-5&PLJKWEHDVROXWLRQDQDORJRXVO\DV WKHDYHUDJHYDOXHVZLWKYLVXDODVVHVVPHQWV
DQG(YHQZHLJKWHGDYHUDJHVFRXOGEHXVHGLQVWHDGRIVLPSOHDULWKPHWLFDYHUDJHVSURYLGHGVRPHVWDWLVWLFDO
ZHLJKWVZHUHDWWULEXWHGWRWKHLQGLFDWRUV S H DQG R 6XFKSRVVLELOLWLHVZLOOEHVWXGLHGLQGXHFRXUVH

&RQFOXVLRQV

,Q JHRWHFKQLFDO SUDFWLFH WKH GHYHORSHG FRPSXWHU SURFHGXUH PD\ EH HPSOR\HG DV IROORZV $W ILUVW D VXIILFLHQW
QXPEHURI FRQYHQLHQW MRLQW surfacesZLOOEHFROOHFWHG WR IRUPDEDVLV IRU WKHGDWDEDVH7KHQ WKH VXUIDFHVZLOOEH
GLJLWLVHGWRFUHDWH'UHSOLFDVDQGWKHFRUUHVSRQGLQJ)RXULHUPDWULFHV  nkM N ZLOOEHFRPSXWHG7KHPDWULFHV
ZLOO IRUP D digital database WKDW ZLOO EH LQFRUSRUDWHG LQWR WKH VRIWZDUH $ QH[W VWHS FRQVLVWV LQ H[SHULPHQWDOO\
GHWHUPLQLQJ-5&YDOXHVRI WKHGDWDEDVHVXUIDFHV7KHVHYDOXHVZLOOEHFDOFXODWHGDFFRUGLQJ WRIRUPXOD6KHDU
VWUHQJWKW DQG EDVLF IULFWLRQ DQJOH bI UHVLGXDO DQJOH ZKLFK DUH XVHG LQ IRUPXOD ZLOO EHPHDVXUHG E\ WKH
VKHDUER[DSSDUDWXV-&6MRLQWFRPSUHVVLYHVWUHQJWKPD\EHPHDVXUHGE\DPHFKDQLFDOSUHVVRUE\WKH6FKPLGW
KDPPHU $V VRRQ DV D SHUPDQHQW GDWDEDVH LV IRUPHG DQG LQFRUSRUDWHG LQWR WKH VRIWZDUH WRJHWKHU ZLWK WKH
FRUUHVSRQGLQJ -5& YDOXHV WKH FRPSDULVRQ SURFHGXUH ZLOO EH UHDG\ WR XVH  7KH RSWLFDO VHFWLRQV PDGH RQ WKH
investigated joint surfacesZLOO EH XVHG DV LQSXW GDWD IRU WKH VRIWZDUH7KH VRIWZDUHZLOO WKHQ ILQG RQH GDWDEDVH
VXUIDFHZKLFKLVWKHPRVWVLPLODUWRWKHLQYHVWLJDWHGMRLQWVXUIDFH7KH-5&YDOXHRIWKHIRXQGGDWDEDVHVXUIDFHZLOO
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EHDVVLJQHGWRWKHLQVWLJDWHGMRLQWVXUIDFH7KLVVFHQDULRKDVEHHQLOOXVWUDWHGZLWKWKHSUHVHQWGDWDEDVHVXUIDFHV
DQG)LJDQGWKHWZRLQYHVWLJDWHGVXUIDFHV$DQG%)LJ

)LQDOO\LWLVSRVVLEOHWRVXPPDUL]HDVIROORZV,QWKHSUHVHQWSDSHUQHZFRPSXWHUPHWKRGIRUUHFRJQLWLRQRIVXUIDFH
VLPLODULW\ KDV EHHQ WHVWHG DQG VKRZQ WKDW LW KDV D VXIILFLHQW SRWHQWLDO WR GHWHUPLQH FRXSOHV RI WKH PRVW VLPLODU
VXUIDFHV ZLWKLQ D VHW RI GLIIHUHQW VXUIDFHV 7KH FRPSXWHU SURFHGXUH XVHV WKUHH VLPLODULW\ LQGLFDWRUV HYDOXDWLQJ
VKDSHV KHLJKWV DQG FRUUHODWLRQRI'SURILOHV7KH WHVWV FDUULHGRXWZLWK ILYH OLPHVWRQH VDPSOHV KDYH FRQILUPHG
FRQVLVWHQF\ EHWZHHQ WKH YLVXDO DQG WKH FRPSXWHU UHFRJQLWLRQV 7KH YLVXDO UHFRJQLWLRQ ZDV EDVHG RQ WKH YDOXHV
DYHUDJHGRYHUPXOWLSOHDVVHVVPHQWVDFFRPSOLVKHGE\LQGHSHQGHQWSHUVRQVDQGWKLVVXSSRUWVVWDWLVWLFDOUHOHYDQF\
RIWKHYLVXDOUHFRJQLWLRQ7KHFRPSXWHUSURFHGXUHKDVSURYLGHGDQDORJRXVUHVXOWVZLWKDOOWKHVLPLODULW\LQGLFDWRUV
7KHPXWXDOFRQVLVWHQF\RIERWKWKHPHWKRGVOHDGVXVWRWKHFRQFOXVLRQWKDWWKHFRPSXWHUSURFHGXUHPLJKWEHFRPHD
SURVSHFWLYHWRROIRUUHFRJQLWLRQRIVXUIDFHVLPLODULWLHVEHWZHHQURFNMRLQWVHVSHFLDOO\ZKHQGLJLWDOGDWDEDVHVRI'
SURILOHVDUHKLJKO\SRSXODWHG

$FNQRZOHGJHPHQW

7KLVZRUNZDVVXSSRUWHGE\WKH*UDQW$JHQF\RIWKH&]HFK5HSXEOLFXQGHUFRQWUDFWQR62QH
RIXV7)ZDVSDUWO\VXSSRUWHGRQWKHEDVLVRIWKHJUDQWQR/2ZLWKLQWKHSURJUDP,/2138,
DGPLQLVWHUHGE\WKH0LQLVWU\RI(GXFDWLRQ<RXWKDQG6SRUWVRIWKH&]HFK5HSXEOLF

5HIHUHQFHV

 %DUWRQ1&KRXEH\97KHVKHDUVWUHQJWKRIURFNMRLQWVLQWKHRU\DQGSUDFWLFH. 5RFN0HFKDQLFV 
 
 %DUWRQ15HYLHZRIDQHZVKHDUVWUHQJWKFULWHULRQIRUURFNMRLQWV(QJLQHHULQJ*HRORJ\±
 )LFNHU70DUWLãHN'-HQQLQJV+05RXJKQHVVRIIUDFWXUHVXUIDFHVDQGFRPSUHVVLYHVWUHQJWKRI
 K\GUDWHGFHPHQWSDVWHV&HPHQWDQG&RQFUHWH5HVHDUFK
 )LFNHU70DUWLãHN'5RXJKQHVVDQGIUDFWDOLW\RIIUDFWXUHVXUIDFHVDVLQGLFDWRUVRIPHFKDQLFDOTXDQWLWLHVRISRURXVVROLGV
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 )LFNHU7 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)UDFWXUHVXUIDFHVDQGFRPSUHVVLYHVWUHQJWKRIK\GUDWHGFHPHQWSDVWHV&RQVWUXFWLRQVDQG%XLOGLQJ0DWHULDOV

 0DUWLãHN'7KHWZRGLPHQVLRQDODQGWKUHHGLPHQVLRQDOSURFHVVLQJRILPDJHVSURYLGHGE\FRQYHQWLRQDO
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±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